psychiatric syndromes were measured by using the General Health Questionnaire (13) . However, this questionnaire was not specifically designed for measuring major depression. Stansfeld et al.' s study covered an 8-year period in a largely white-collar occupational cohort sample.
In the current study, we used a validated instrument to assess major depression and examined the data from a national population cohort from 1994-1995 to 2004-2005. Our objectives were to estimate 1) the incidence proportions of major depression in groups with different changes in perceived job strain; and 2) the associations between changes in perceived job strain and the risk of major depression, controlling for the effects of clinical, behavioral, and work environment factors.
MATERIALS AND METHODS

Data and study population
Data from the longitudinal cohort of the Canadian National Population Health Survey (NPHS) were used. Detailed information about the methodology of the NPHS can be found in a document from Statistics Canada (14) . The NPHS was initiated by Statistics Canada in 1994-1995, targeting household residents in all Canadian provinces, with certain exclusions (14) . The NPHS is a Canadian national health survey using multiple-stage, stratified, random sampling procedures. Each province was divided into 3 types of areas (major urban centers, urban towns, and rural areas) from which separate geographic and/or socioeconomic strata were formed. In most strata, 6 clusters, usually census enumeration areas, were selected with a probability proportional to size. The sample of dwellings was obtained once listing operations in sample clusters were completed.
One eligible member was randomly selected in each household (14) . The 1994-1995 NPHS participants (n ¼ 17,276) formed a longitudinal cohort that was reinterviewed every 2 years. This cohort has been interviewed 6 times, during cycle 1 (1994) (1995) , cycle 2 (1996-1997) , cycle 3 (1998-1999) , cycle 4 (2000-2001) , cycle 5 (2002-2003) , and cycle 6 (2004-2005) . The baseline interviews were conducted face to face by interviewers hired and trained by Statistics Canada. Telephone interviewing was the major data collection method in subsequent surveys (15) . All data collected were based on participants' self-report.
Major depression. Major depressive episode in the past 12 months was evaluated by using the Composite International Diagnostic Interview-Short Form for Major Depression (CIDI-SFMD) (16) . The CIDI-SFMD is a brief version of the major depression section from the CIDI, which is based on Diagnostic and Statistical Manual of Mental Disorders: DSM-IV criteria (17) . The CIDI-SFMD was developed and validated at the University of Michigan (16, 18) . To be consistent with these criteria, the CIDI-SFMD follows a branched administration system; for example, administering questions related to certain symptoms depends on the answers to the stem questions. The participants were first asked, During the past 12 months, was there ever a time when you felt sad, blue, or depressed for 2 weeks or more in a row? During the past 12 months, was there ever a time lasting 2 weeks or more when you lost interest in most things like hobbies, work or activities that usually give you pleasure? If the answer to any of the questions was yes, questions about weight gain or loss, insomnia, fatigue, difficulty in concentration, guilt, and suicide ideation and plan were asked. The number of endorsed symptoms was converted into the probability of having had a major depressive episode. Major depression, as defined in the NPHS, represents a 90% predictive cutpoint for the CIDI-SFMD. The sensitivity and specificity of the CIDI-SFMD using this cutpoint when compared against the full version of CIDI are 90% and 94%, respectively (18) .
Perceived job strain. In the NPHS, questions about work stress were asked of participants who were aged 18-74 years and were working at the time of the survey. The NPHS used a brief version of the Job Content Questionnaire developed by Karasek (19) to measure perceived work stress. This 12-item scale evaluated work stress in 6 dimensions: skill discretion, decision control, psychological demands, job insecurity, physical exertion, and social support from supervisors and coworkers. Respondents' answers to the questions on this 12-item instrument were based on a 5-point scale, from 0 ¼ strongly agree to 4 ¼ strongly disagree. A higher score indicates a higher level of work stress. Based on psychological demands and decision control, a derived variable (job strain ratio, which is the ratio of psychological demands and decision control) was developed by Statistics Canada. A job strain ratio greater than 1 indicated that psychological demands were greater than decision control and therefore was defined as high job strain. The job strain questions were asked in cycle 1, cycle 4, cycle 5, and cycle 6.
Demographic and socioeconomic variables. These variables included gender, age, marital status, single-parent family structure, and educational and annual family income levels. Marital status was divided into 3 groups: married (married, in a common-law relationship or partnership); single or never married; and divorced, separated, or widowed. Educational levels were classified into 2 categories: having completed 13 or fewer years versus more than 13 years of education. On the basis of number of people in the household, family income was classified into 3 levels: low income, middle income, and high income.
Employment factors. Employment factors included in this analysis were number of average work-hours each week and number of jobs. We classified number of average workhours each week into 3 categories: 0-20, 21-40, and 41 hours or more.
Clinical and psychosocial variables. Because of the multifactorial nature of the etiology of major depression, we included self-rated health status (fair or poor vs. good or excellent), having one or more long-term medical conditions, and childhood and adult traumatic events. Long-term medical conditions refer to 21 illnesses diagnosed by health professionals that were expected to last 6 months or longer. NPHS participants were also asked, in reference to when they were a child or teenager, whether they experienced parental divorce, a lengthy hospital stay, prolonged parental unemployment, frequent parental alcohol or drug use, physical abuse, and being sent away from home. An answer of yes to any question was determined to indicate having been exposed to childhood and adult traumatic events.
Statistical analysis
The cohort included 17,276 participants. In the current analysis, only those participants who provided complete information about perceived job strain and major depressive episode in cycle 1 and cycle 4 were included (n ¼ 4,866). On the basis of job-strain-ratio data in cycle 1 and cycle 4, we classified these participants into 4 groups.
Regarding our first study objective, participants who reported a major depressive episode at the first 4 cycles were excluded. An incident case of major depressive episode was defined as having major depressive episode in cycle 5 or cycle 6. The incidence proportion of major depressive episode was calculated for each group. Using the first group (low job strain in both surveys) as the reference, we carried out logistic regression modeling to estimate the associations between changes in perceived job strain and the risk of major depressive episode, controlling for the effects of gender, age, educational level, status of major depression from 1994-1995 to 2000-2001, perceived health status, and childhood traumatic events at baseline. The association was estimated in the form of odds ratios and associated 95% confidence intervals. Because the NPHS used multiplestage, stratified, random sampling procedures, sampling weights provided by Statistics Canada were used for point estimation. Bootstrap weights provided by Statistics Canada were used to estimate the confidence intervals. The analyses were performed with Stata software, release 10.0 (20) .
RESULTS
In the 1994-1995 NPHS, 8,550 participants were working at the time of baseline interview and were between the ages of 18 and 74 years. Among them, 7,323 (85.6%) answered all questions about job strain. For the objectives of this study, participants who had completed information about job strain in both the 1994-1995 and 2000-2001 NPHS were included (n ¼ 4,866, weighted percentage ¼ 67.5%). Compared with those who provided information about job strain in 1994-1995 but not in 2000-2001 (n ¼ 2,457, weighted percentage ¼ 32.5%), the 4,866 participants were not significantly different regarding gender, baseline job strain, baseline major depressive episode, major depressive episode between 1994-1995 and 2000-2001, and major depressive episode from 2002 to 2004. The included participants (n ¼ 4,866) were classified into 4 groups, as follows:
1. Low job strain ratio (1) in cycle 1 and cycle 4 (n ¼ 1,975) 2. High job strain ratio (>1) in cycle 1 and cycle 4 (n ¼ 1,050) 3. High job strain ratio in cycle 1 but low job strain ratio in cycle 4 (n ¼ 1,045) 4. Low job strain ratio in cycle 1 but high job strain ratio in cycle 4 (n ¼ 796)
The demographic, socioeconomic, psychosocial, and clinical characteristics of participants in each of the 4 groups are presented in Table 1 . Participants in group 1 differed from those in other groups in terms of gender, age, marital status, educational level, family income, single-parent status, selfrated health, childhood traumatic events, and baseline major depressive episode. These factors can be either confounders or effect modifiers in the relation between changes in perceived job strain and the risk of major depressive episode. The incidence proportions of major depressive episode developed in cycle 5 or cycle 6 in each group are shown in Table 2 . Using the ''low job strain ratio, no change'' group as the reference, we developed logistic regression models to estimate the adjusted associations between group status and the risk of having major depressive episode in cycle 5 or cycle 6. In the 3 models, marital status, singleparent status, weekly work hours, number of jobs, and having one or more chronic conditions were not significantly associated with the outcome, so they were excluded from the models. The effects of gender, baseline age, educational level, self-rated health status, major depressive episode between cycle 1 and cycle 4, and childhood traumatic events were adjusted in the models. As shown in the table, participants who reported a persistently high job strain ratio were 1.5 times more likely to have developed major depressive episode than those in the reference group. Participants who reported an increase in job strain ratio (from low job strain ratio in 1994-1995 to high job strain ratio in [2000] [2001] were about 1.6 times more likely to have developed major depressive episode than those who reported persistently low job strain ratio. Participants who reported a decrease in job strain ratio (from high job strain ratio in 1994-1995 to low job strain ratio in 2000-2001) had a risk of major depressive episode similar to that for participants in the reference group.
We examined the quantitative changes in the values of job strain ratio between 1994-1995 and 2000-2001 in relation to the risk of major depressive episode. We found that, for those who experienced negative changes in job strain ratio (less job strain), the values of changes were not associated with the risk of major depressive episode (odds ratio ¼ 0.90, 95% confidence interval: 0.40, 2.00). However, for participants who reported an increase in job strain ratio (more job strain), the values of changes were positively associated with the risk of major depressive episode (odds ratio ¼ 2.03, 95% confidence interval: 1.02, 4.05) after we adjusted for the effects of variables included in the logistic regression models. These results were consistent with the changes in job strain ratio group status and the risk of major depressive episode described previously.
We examined effect modifications between group status and the selected baseline demographic, socioeconomic, clinical, and psychosocial variables. Interactions were found between persistently high job strain ratio and baseline selfrated health status (P ¼ 0.01). A significant association between persistently high job strain ratio and major depressive episode was found for participants who reported good or excellent health at baseline (odds ratio ¼ 1.77, 95% confidence interval: 1.15, 2.71) but not for those who reported fair or poor health at baseline (odds ratio ¼ 0.26, 95% confidence interval: 0.06, 1.11). The stratum-specific associations between selected factors and major depressive episode are presented in Table 3 .
DISCUSSION
To our knowledge, this is the first published populationbased longitudinal study investigating the impacts of changes in perceived job strain on the risk of major depression measured by a structured psychiatric interview. The results of longitudinal analysis showed that individuals who experienced persistently high job strain were at a significantly higher risk of developing major depressive epi-sode than those who experienced a low level of job strain. This finding was consistent with the demand-control model.
Job strain and major depression, as assessed here, relied on self-report, which raises the risk of bias due to commonmethod variance. However, to a certain extent, these results are similar to those from the Whitehall II study (12) and the Dutch study (11) , and it may be that, for mental health outcomes such as depression, perception of job strain is an essential mediating link between ''objectively'' assessed adverse working conditions and risk of depression. Moreover, use of an interview assessment of depression such as the CIDI decreases the risk of response bias found with self-report questionnaires. As such, improving the work environment could reduce the risk of major depression. This possibility was supported by the results finding that participants who reported a change from high job strain ratio to low job strain ratio had a risk of major depressive episode similar to that for those who reported persistently low job strain ratio. These results indicated that interventions targeted to reducing job strain ratio may significantly reduce the risk of depression. One can hypothesize that individuals exposed to negative changes (from low to high job strain ratio) would have a higher risk of developing major depressive episode than those persistently experiencing a low level of job strain ratio, which was supported by the NPHS data. The results of the impacts of positive and negative changes in perceived job strain on the risk of major depressive episode were consistent with those from the Whitehall II study (12) . However, our analysis found no gender differences in the associations, which differed from Stansfeld et al.'s analysis (12) . Additionally, the association of changes from low job strain ratio to high job strain ratio with major depressive episode in our analysis appeared to be stronger than that in Stansfeld et al.'s study. Note that the NPHS is a populationbased cohort, and major depressive episode was assessed by using the CIDI-SFMD, whereas the Whitehall II study targeted civil servants and psychological distress rather than major depressive episode.
The risk of developing major depressive episode in a longitudinal course can be influenced by many factors, including changes in physical and mental health and in contextual factors in the working environment. In our analysis, the associations between changes in job strain ratio and major depressive episode were estimated, controlling for the effect of major depressive episode from 1994-1995 to 2000-2001. To examine whether the risk of major depressive episode could be affected by changes in self-rated health during follow-up, we developed additional logistic regression models in which self-rated health was treated as a time-varying factor. In these models, self-rated health was not associated with major depressive episode. Only baseline self-rated health status was predictive of major depressive episode between 2002 and 2004. Because of the limitations of the NPHS data, more longitudinal studies are needed to determine how changes in health status and in workplace contextual factors affect the risk of major depressive episode.
The NPHS data showed that the association between persistently high job strain ratio and major depressive episode differed according to self-rated health at baseline. Participants who reported good or excellent health at baseline and persistently high job strain ratio were more likely than the reference group to have developed major depressive episode. This association was not found for those with fair or poor health at baseline.
Self-rated health is a widely used measure of health status and is essentially a measure of perceived health (21) . We considered that the different associations by self-rated health observed in this study might be due to different perceptions of the health effect of job strain. A given situation can be perceived in different ways by various individuals, and the perceptions rather than objective stressors are the main determinants of effects on subsequent health status (22) . For persistent job strain, NPHS participants may have different perceptions of their susceptibility to the stress and of the severity of the stress because of their health status. For those with fair or poor health at baseline, the perception of poor health may be developed over a long period of time. These participants may have accepted the reality of having poor health and of exposure to various risk factors for health. Exposure to persistently high job strain did not impose a significant additive effect on the risk of major depressive episode. To a certain extent, such perceptions might have minimized the impact of persistent job strain on the risk of major depressive episode (22) . On the other hand, for those with excellent or good health at baseline, persistently high job strain may have led to heightened perceptions of health risk, which can generate intense psychological distress (22) , resulting in a higher risk of developing major depressive episode. Abbreviations: CI, confidence interval; OR, odds ratio. a <13 years of education was excluded from the fitted model. Additionally, chronic stress and the response to such stress may affect an individual's nervous system and endocrine function (23) . Major depression has been viewed as an abnormality of stress-adaptation systems in the brain (24) . Perhaps different perceptions of the health risk of persistent job strain among participants with fair or poor health has less of an impact on the body's neuroendocrine stress adaptation systems compared with high job strain among those with good or excellent self-rated health. Alternatively, the intensity of job strain might be different in these subpopulations. Nevertheless, the mechanism by which subpopulations have different risks of major depressive episode related to chronic job strain is complex. More studies are needed to replicate the results and to investigate the psychological and biologic causal processes.
This analysis had several limitations. The NPHS longitudinal cohort was interviewed every 2 years. Major depressive episode in the NPHS referred to the past 12 months. Thus, information about major depressive episode in the year immediately after each survey was not available. Given the lack of information, the incidence of major depressive episode in the groups could have been underestimated. The CIDI-SFMD and the abbreviated version of the Job Content Questionnaire might not be as sensitive and specific as the full versions of these instruments, although the CIDI-SFMD shows good agreement with the full CIDI. Future longitudinal studies that use the full versions of CIDI and the Job Content Questionnaire are needed to replicate the results of this study. The NPHS relied on self-report. Thus, recall and reporting biases in work characteristics and major depressive episode were possible.
The perception of job strain can change frequently. As described in the Materials and Methods section, we used information about job strain in cycle 1 (1994) and cycle 4 (2000) to define the changes in perceived job strain. It would be ideal if a shorter exposure period (6 months-2 years) could be defined to measure changes in perceived job strain. As the current paper was being revised for publication, the data from NPHS cycle 7 became available. We conducted additional analyses using data from cycles 4 and 5 (2-year) to define the changes. We found the same results, except that the crude associations of a change from high to low job strain ratio and a change from low to high job strain ratio with major depressive episode were significant; however, the adjusted associations were not statistically significant, and the estimates became less precise. This finding may indicate that the effects of positive and negative changes on the risk of major depressive episode take a long period of time to be reflected. Because the NPHS is a general health survey, it did not collect detailed information about work environment. Therefore, it was not clear why job strain ratio changed over the course of the follow-up period and how other changes in workplaces affected the risk of major depressive episode. Results from longitudinal studies using the full version of CIDI and the Job Content Questionnaire, well-defined changes in job strain, and detailed measurement of work environment can provide definitive evidence about the impacts of changes in perceived job strain on major depressive episode.
